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2nd INTERNATIONAL M.T. M. -CONFERENCE, SCHEVENINGEN/KURHAUS 
APRIL, 1959 


Sponsored by Nederlands M.T.M. Genootschap 


Secretariat: Nederlands Instituut voor Efficiency 
Prins Hendrikplein 17 The Hague 


Just as at the first Conference, the purpose now is again to attain an 
exchange of experiences between M.T.M.-users and -experts. This second 
International Conference has to be considered of great importance for 
- the establishment and maintenance of contacts between M. T. M. - 
users and -experts in the various countries; 
- the strengthening of the ties between the various national M. T. M. - 
Associations in the Western Hemisphere. 


This Conference is intended to further contacts and to exchange experiences 
between M.T.M.-users and -experts who deal with equivalent problems in 
the same or similar branches of business in the various countries. The 
scheme of the programme comprises: 

lst day: introduction and getting acquainted; 

2nd day: treatment of specific subjects in sections together with visits 

to enterprises; 

3rd day: case histories and proceedings of the sectional meetings; 

4th day: consolidation of the contacts made. 
Moreover, room has been left for joint recreation, notably excursions have 
been planned to the blossoming bulb-fields (Keukenhof) in the afternoon of 
April 27th and to the storm-sluice/Delta-plan for the whole day on April 
30th. 
For further particulars we refer to the enclosed detailed provisional pro- 
gramme from which you will see, among other things, that in any case on 
April 29th a simultaneous translation-system and interpreters will be 
present. 
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PROVISIONAL PROGRAMME 





Monday, 27th April, 1959 





9.00 h. Registration at the Kurhaus and 
supply of tickets, documents, 
a.s.o. 


9.00 h. Reception of guests by the Board 
of the Nederlands M. T. M. - 
Genootschap 


9.30 h. Opening of the Conference by the 
President of the Nederlands 
M. T. M. -Genootschap, mr ir 
R. F. Volz 


: . remiere of the Dutch film 
f£ 10.15 h Premi f the Dutch fil 
"Predetermined Time Systems" 


f 11.00 h. Formation of sections for the 

i 2nd day and opportunity to make 
further acquaintance while en- 
joying a cup of coffee 


11.45 h. Official reception at the City 
Hall by the Municipality of the 
Hague 

13.00 h. Luncheon in the Kurhaus 

14.15 h. Excursion to the Keukenhof, the 
bulb-fields and the North Sea 
Coast 

# 19.00 h. Arrival back at the Kurhaus 


Tuesday, 28th April 1959 





To attain results with M.T.M., it is necessary to go in smaller groups 
into the details of the subject. 

To get acquainted with each other and to make lasting contacts it is 
necessary to see a person at work. 

These two reasons have led the Board to decide to fix the second day of 
the Conference for discussions in separate small sections, which will be 
the guests of various companies. 


The following are under consideration: 


1 chemical industry 
ready-made clothing industry 
electric equipment industry 
printing 

office organization 
metalware industry 


Qu wo 
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7 engineering works 

8 maintenance service and repair shop 
9 shoe industry 

10 textile industry 

11 horticulture 

12 packaging (of products) 


while attention will be paid to possible new suggestions for any other 
sections made on the application form. Of the discussions in the 
sections a short report will be given on the third day, while a full 
report will appear afterwards in the Conference Proceedings. 
Depending on the number of ladies participating in the Conference, a 
"Ladies'-programme" will be set up for the 28th April on behalf of 
the foreign and Dutch ladies. 


Wednesday, 29th April 1959 





9.30 h. Re-opening of the plenary 
session by the President of 
the Nederlands M. T. M. - 
Genootschap, mr ir R. F. Volz 


10.00 h. Discourse and treatment of 
case-histories and special 
studies; including contribu- 
tions by foreign participants 
(coffee from 10.45-11. 15 


a. m.) 
12.30 h. Luncheon 
14.00 h. Continuation of the morning 


session and reports of the 
discussions in the sections 


17.00 h. Closure 


17. 30 h. Assembly in the Kurhaus for 
appetizer and a cold buffet. 


N.B. In any case on 29th April, but when possible in all plenary sessions, 
a simultaneous translation system and interpreters will be present. 


Thursday, 30th April 1959 





The greatest enemy of the Netherlands is the water; down the ages they 
have fought it and at last conquered. The Board will spend the fourth 

and last Conference day, besides in consolidating the contacts already made, 
in showing you our latest big works, viz. the storm-sluices at Krimpen a/d 
IJssel and the Delta-plan. 


Departure 10.00 a.m. from the Kurhaus Scheveningen 
Back 17.00 p.m. at the Kurhaus Scheveningen 
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MTM STANDARDS FOR MULTI-PLANT OPERATION 


by 


E. W. Sloan 
Schnadig Corporation 


When we were first approached about making an 
appearance before this group we were a little 
hesitant about choosing the subject matter. We 
finally decided to go into the phase of MTM 
problems encountered in our type of operation 
rather than a specific set of MTM data because 
we feel we have a different approach in estab- 
lishing standards in our multiplant operations. 
It is necessary to give you a short description 
of our operations in order for you to better 
visualize the scope of the problem. 


The Schnadig Corporation, which has two divi- 
sions - International Furniture and Karpen 
Furniture - is generally recognized as the 
second largest manufacturer of upholstered 
furniture in the United States. 


We have upholstery plants in Pennsylvania, 
Georgia, Texas, California, and Indiana. These 
five plants, as well as two raw lumber mills, 
are serviced from a centrally located Engineer - 
ing Department in Rushville, Indiana. 


As many of you may know, our industry is 
highly competitive with complete new style in- 
troductions four times a year. In order for us 
to establish accurate costs in a minimum time 
and for the required volume it was necessary to 
have a dependable tool to work with. Our man- 
agement selected MTM as this tool approxi- 
mately five years ago. Until just recently, the 
entire furniture industry had gone along for the 
past 100 years without any real emphasis on 
methods improvements. We, along with several 
of our competitors, decided that if we were to 
continue a profitable operation we had to pin- 
point the methods in use and also continually 
strive to better them. This attitude has been 
reflected in many revolutionary methods changes 
within the past five years. I mention this only 
to point out that we are relatively new in the 
field of methods improvements in relation to 
some of the industries you people represent. 

To get back to our operation, Engineering's role 
can be summarized briefly as follows. 


The Merchandising Department sends us sketches 
of proposed new styles, our engineering design 


development people translate these sketches 
into actual pieces of furniture. In the mean- 
time our methods and materials engineers are 
establishing labor and material specifications, 
top management merchandising people review 
the sample furniture in terms of customer ap- 
peal, at its now determined cost. They either 
reject it, or accept it - generally subject to 
additional modifications. A review with subse- 
quent revisions may be necessary two or three 
times before the finalized new introductions are 
ready to show at one of the four furniture mar- 
kets. Labor and material specifications keep up 
with the changing samples, and shortly after the 
market, the final labor rates and material 
specifications are issued to all five of our up- 
holstery plants. 


This has been a general description of the de- 
velopment and engineering of new furniture de- 
signs. Now, to be a little more specific in the 
methods department. We have the following 
main direct labor departments to service - 
cover cutting and marking, sewing, frame as- 
sembly, springing, upholstery, panel making, 
finishing, and cushion stuffing and closing. We 
have MTM standard data developed and working 
efficiently for all areas except cover cutting, 
springing and finishing. These excepted areas 
are all in some stage of completion at the pres- 
ent time. 


Please bear in mind our standard data develop- 
ment build-up is relatively slow in comparison 
to a metal working or assembly type plant. The 
main reasons for this are: (1) the determina- 
tion of standards methods which are applicable 
to the personalized techniques used in upholstery; 
(2) the exceedingly high number of variables 
which must be included in order to insure our 
data will remain usable for a long period of 
time; and (3) the relatively long cycle of our 
operations (up to an hour and a half in many 
cases). 


To illustrate the number of variables we have 
in a set of data, I have passed out a copy of 
our panel work sheets. (Panel Work Sheet 
Follows Text.) You can see the panel is a very 
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small part of the finished piece, but there was 
a considerable amount of time spent developing 
the data. We are now able to establish perma- 
nent rates in the majority of the departments in 
advance of beginning production and do it with- 
out having to use highly skilled engineers for 
the actual rate setting. In fact, we have only 
three people setting labor rates and in the first 
eight months of this year they had issued to the 
plants more than 20,000 different individual in- 
centive labor rates. We therefore feel that our 
MTM standard data has certainly done what our 
top management expected. We also feel that 
there is a definite cost savings in the Engineer - 
ing department by having it centralized with a 
relatively small staff as compared to having 
engineering departments in each of our five 
plants doing duplicate work. 


We do have problems, and I will go into them 
in some detail and tell how we are solving 
them. 


Our No. 1 problem is certainly no surprise to 
most of you. I call it, ''Methods Policing" or 
"Maintaining Standard Methods". I'm sure it is 
a serious problem encountered in practically all 
industries, using any type of incentive system. 
In our particular operation, however, there are 
a number of compounding factors that make it 
a real headache. First of all, we do not have 
the engineering manpower, nor do we feel it 
would be economically feasible to have a large 
enough staff, to furnish a detailed methods de- 
scription for the huge volume of rates we issue. 
(I mentioned earlier there were approximately 
20,000 rates issued the first eight months of 
this year.) We have to rely, therefore, on his- 
torical methods used for similar operations and 
standard method write-ups which apply for a 
wide variety of methods. Of course, we do 
send out detailed methods descriptions for any 
new operation, material, or equipment being 
used. You can readily see, however, that this 
system can lead to misunderstanding in some 
of our plants as to the method we are paying 
for. This is a really important factor because 
our whole MTM system is based on paying for 
the specified method. It is important that our 
factory management periodically review our 
standard data methods so that they have a per- 
sonal knowledge of standard methods. 


Another factor contributing to this problem is 
that we do not have any "policeman" in the form 
of an engineer at any of our plants. I should 
say we had none because we recently acquired, 
by transfer from Plant Supervision, a very cap- 
able man for our second largest plant. He has 


only recently completed the 105-hour MTM 
training course. In time he will be able to 
properly "police’’ methods and process incen- 
tive grievances on a local level. Still another 
factor is the difference of opinion among our 
plant managers as to what is necessary to 
maintain a high quality product. This may re- 
sult in material or labor deviations which may 
not find their way to the Engineering Depart- 
ment. For these reasons you can see why the 
"method policing" is so important in a multi- 
plant operation. 


Although there is a definite tie-in with "Stand- 
ard Methods," I will treat "Standard Plant Lay- 
out'"’ as another specific problem. With five 
different sets of physical facilities, it is a tre- 
mendous task to keep even the general flow of 
materials running the same way. When it gets 
down to departmental level there is a tendency 
for line supervision to "upset" the standard 
layout and therefore if not controlled there 
could be as many as five different layouts. It 
is imperative that the layout not be revised 
without full approval of the Methods and Stand- 
ards department. This is just normal, basic, 
Industrial Engineering philosophy, but, again, 
sometimes difficult to police. We set our data 
for the best layouts. These occasionally may 
be difficult to set up in all plants. Again, 
MTM may be unjustly accused for alleged rate 
inequities if the standard layout is not main- 
tained. 


Our third and most serious problem is common 
to all multi-plant operation and also to most 
single plant operations. It is that mutual prob- 
lem of adequate "communication". Most of you 
know that when you get an incentive grievance 
it ordinarily doesn't contain nearly enough in- 
formation to determine the basic cause without 
going to the department involved. Perhaps you 
can imagine, then, why we sometimes have to 
have two or three written exchanges with our 
various plants before we know we're talking 
about the same specific complaint. This prob- 
lem in communications is one we do not have 
"licked". We seriously doubt if anyone has. 





These have been the main problem areas we 
have encountered. Of course, there are many 
others, but they will generally fit into one of 
the categories I’ve mentioned. I'd like to take 
a little time now to discuss some of the steps 
we are taking to alleviate these problems. 


In the matter of "Methods Policing"' - I men- 
tioned earlier we were not able to send com- 
plete methods descriptions with all rates. 
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However, we are now asking each plant to peti- 
tion us for a methods description of any opera- 
tion in which there is any doubt as to the ap- 
proved method. I also mentioned we have a 
resident engineer in one of our plants. Eventu- 
ally we are planning to have one in each of our 
other plants. Please note he will not set rates, 
but only police methods, materials, and layout 
and assist in handling grievances. Until we get 
our resident engineer, we continue to barrage 
our plant managers with requests for any 
changes they have made. By giving them more 
information on MTM and how changed methods 
are reflected in the rates, we believe they are 
swinging more and more our way in reporting 
any deviations. 


We are considering the introduction of 'Work 
Simplification" course to further make plant 
personnel more methods conscious. In the area 
of Plant Layout there is little we can economi- 
cally do to existing facilities. Our company is 
constantly expanding, and with each expansion 
we feel we get a little closer to standardized 
layouts. Our two largest plants have both had 
major layout changes within the past year which 
have helped considerably in this area. 


I mentioned the communication problem. We 
are attempting to minimize this by a more com- 
plete grievance complaint description when it is 
originally submitted. We devised a form which, 
if properly filled in, will greatly expedite our 
grievance handling. Unfortunately, I can't re- 
port that this form has been an unqualified suc- 
cess. Some of our plant personnel are a little 
resistant to change. I think this is only a 
temporary condition, that will be resolved in a 
short time. 


The problems I have given you are by no means 
inherent with only an MTM system. Since we 
use MTM almost exclusively, one of the uphol- 
stery unions has seen fit to use 'MTM" as a 
"whipping boy". This brings me to a fourth 
problem which is brought about by MTM. 


The UIU has recently made very bitter attacks 
against the use of MTM in the furniture indus- 
try. In case some of you haven't seen their 
journal, here are some of the choice things said 
about MTM: 


1. MIM exploits the workers and chisels 
their earnings. 


2. MTM is not scientific and not accepted by 
Industrial Engineers. 


3. MTM is a guesswork system. 
4. MTM claims to be the only right way. 


5. MIM data is all based on a drill press 
operator supplemented by some data 
from a few other manufacturing machines 
and some assembly work. Therefore, it 
cannot be applicable to upholstery. 


There are many more similar type accusations 
contained in their smear attacks but all are 
equally as ridiculous in nature. 


We don't know if this is the birth of a union 
movement which will spread to other industries. 
I don't know how you feel about the subject, but 
we are ready to defend a system in which we 
firmly believe. 


Here is how our company interprets this latest 
attack: 


1. We feel the attacks are made because 
MTM ties the method down enough that 
good MTM rates are difficult to beat in 
arbitration. 


2. That the unions are grieving against all 
incentive systems because the majority of 
their arguments would make just as much 
sense against any other known system of 
incentive. 


3. They may be just beating the drums be- 
cause this has been a rather weak year 
for the furniture industry and they feel the 
people are more receptive to their exagger - 
ated criticisms when they have smaller pay 
checks. 


We are, however, attempting to expose all our 
line supervision to a short course in MTM so that 
they can help "carry the ball" in defense of our 
system. We are even inviting union personnel to 
attend classes if they wish. 


To summarize, we at the Schnadig Corpora- 
tion believe a multi-plant operation can be 
serviced with a centrally located Engineering 
Department by use of MTM Standard Data if the 
areas of Methods Policing, Standard Layout, 
and Communications can be successfully handled. 
We feel we are succeeding in minimizing these 
areas and have a workable, efficient system. 
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SECTION 5. -- PANEL DEPARTMENT 


















































Work Sheet 
Date 
Engineer 
Style No. 
Piece 
Type 
Sketch 
Sequence TMU 
Number Description Sub Total | Total 
Re Unroll and tear cotton to panel length - See table p-1l 
Pick up and move base to work area 
2 From table p-1l 0 - 18" long 53@ 
" Over 18" long 66@ 
Note: Do not use this element for bases without cotton 
a Pick up and move cotton to work area - From table p-2 64 
4. Start and split cotton if necessary - See table p-3 
Se Position cotton to base - See table p-4 





Staple cotton to base, (Allow 1 staple/12 sq. inches, plus one 


per corners on bases over 2" wide, allow 1 per end on bases less 
than 2" wide) 


A. Pick up and aside staples, From General table 








6. N = Number of panels worked on at a time 77/N 
B. Align and staple cotton. See table p-5 
Code ° staples at 
TMU/staple 
Ve Tear waste cotton from end and aside = See table p-6 


Note: Allow cotton to be torn from each end of each base. 





8. Cut and aside waste cotton if necessary. See table p-7 Note: 
Divide values by number of panels covered by one cut. 
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Sequence TMU 
Number Sub Total _ Total 
7. Aside cotton covered bases to temporary storage 39 
From Table P-2 
10, Obtain and move covers and position to work area 
See Table P-8 
Pick up and move base and position to cover. 
From Table P-2 
A. Bases without cotton 
11. 1. 0-18" Long 53@ 
2. Over 18" Long 66@ 
B. Bases with cotton 
1, 0-18" Long 68@ 
2. Over 18" Long 73@ 
12, Reposition base to cover - See Table P-9 
13, Pick up and aside stapler. Align first end of cover. 
Stretch cover opposite end. 
See Table P-10 
Staple both ends of cover (straight) - 
Code ‘ inches @ TMU/inch 
14, 
See Table P-11 for Code description and values 
Fold, pull, staple, and inspect corners 
See Ta le P-ll 
aS. Code . Corners (omit inside corners) 
@ TMU/corner. 
16, Obtain and aside shears and make relief cuts if necessary 


See Table P-12. 




















Sequence 
Number 
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Sub Total 


TMU 
Total 





17. 


Staple sides or curved ends, Code 





inches not stretched @ TMU/inch 


inches stretched with hands, regulator @ 
TMU/inch 


inches stretched concave curves @ 
TMU/inch 


inches stretched convex curves @ TMU/inch 


inches corner reliefs @ TMU/corner 


Use Table P-1l1 to determine code to use and TMU values per 
inch, Note: Care must be taken in this element that a 
proper analysis is made of stapling requirements for ea panel 





18, 


Obtain and aside shears and make identity relief cuts if 
panel is less than 1-1/2" wide 


A. Panels 0-1" wide - from Table P-13 


B. Panels 1" to 1-1/2" wide - from Table P-13 


211 


144 





19, 


Obtain and aside chalk, pen or crayon and make panel 
identification number and operators identification 
number, From Table P-14 


134 


134 





20. 


Pick up and aside shears and trim off excess cover 
From Table P-15 


66 


66 





21. 


Turn finished panel over, physically inspect for tightness 
and aside. See Table P-16 





22. 





Visually inspect finished panels, break staples loose on 
cardboard bases with less than full thickness of cotton. 


A. Wood and meadboard bases and cardboard bases 
with full thickness cotton from Table P-17 
inches perimeter length at .8 TMU/inch 


corners and seams at 7.3 TMU/corner or 
/seam 
curves at 14.6 TMU/curve 


10 
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Sequence TMU 
Number Sub Total _Total 
B. Cardboard bases with less than full thickness 
of cotton. 
inches perimeter length at 4.5 TMU/inch 
corners and seams at 7.3 TMU/corner or 
seam 
curves at 14,6 TMU/curve 
Add following for panels with welt 
23. A. Obtain welt, cut off, strip and recover both ends 
position and staple both ends (include obtaining 
& asiding staples) See table p-18 
B. Staple welt to panel See table p-18 
Code . inches at TMU /inch 
Add following for curved panels requiring fixtures 
24, 
A. Position base and cover fixture, 
See table p-19 
Add one of the following elements when cover is seamed, 
See table p-20 
25. A. Spread seam and hold for stapling 39 
B. Spread seam and position base edge to seam 
Add following when two or more bases are stapled together 
in one panel. Note: Allow 3" minimum, 
A. Position base to base, align and pull cover at 
26. joint, pick up and aside stapler See table p-21 
B. Staple bases together 
1. Meadboard bases - Code D. inches to be 
stapled @ 9.2 TMU/inch. From table p-11l 
2. Cardboard or wood bases - Code G, inches 
to be stapled @11.8 TMU/inch. From table p-1ll 
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Sequence TMU 
Number Sub Total Tota} 
Miscellaneous elements for special type panels. Add the ones 
which are applicable. All in table p-22 
A. Rock base to staple cotton to semi-circular base. 
Allow 2.9 TMU/inch of outside edge length. 
B. Position base filler to base 27 
C. Open cover pocket for base 162 
 - 
D. Position base to cover pocket 208 
E. Roll up pair of panels in own tail. Allow 17.0 
TMU/turn necessary/panel (turns calculated from 
length of tail and width of panel.) 
F. Panels requiring nails. 
1, Obtain nails and aside overages 102 
2. Obtain and aside hammer. Limited out by #1 
3. Drive nails 
a. 1" nails 70.8 TMU/nail 
b. 1-1/4" nails 88.8 TMU/nail 
c. 1-1/2" nails 108.6 TMU/nail 
28. Attach job ticket to glue sheet, From general elements table. 80/ticket 80 
29, Other miscellaneous elements 
Total TMU 
Total x 1.21 (allowances) 
Total TMU allowed 
Standards hours per piece 
Standard hours per pair 
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TRAINING OPERATORS TO FOLLOW MIM ME'fHODS 


By 


Miss Ginny Wonder 
C. D. Osborn Company 


I am greatly honored that you have asked me to 


be a speaker at this Seminar. 


The subject I chose is, 'HHow we applied our 
MTM knowledge into our training program." 


I have always been interested in motion analysis, 


and better methods. 





rating our fastest operators. "If I could only 
use MTM, I would remove this mental block," 
I said to myself. 


So I spoke to the President of our company, Mr. 


Henry G. Hartmann. He was sold on the idea, 
but he added: "Ginny, I will call and find out 
first whether you'll be accepted by the men in 
this field." 


I was asked in class one day if the women 
didn't object to me. "On the contrary," I 
answered. "Women would rather be timed by 
another woman. They feel more at ease. Be- 
sides I never go to an operator and time her 
immediately." 


First, I ask her permission. Second, I always 
make sure I compliment her in some way. 
Sometimes it may pertain to her clothes, her 
hair or her jewelry. I ask about the family, 
etc. Third, I am a good listener, so they con- 
fide in me and pour out all their troubles. 


Believe me, when I say I don't dislike anybody, 
I'm there to help them, and down deep I know 
they feel the same way about me. 


Another gentleman approached me in this fash- 
ion: "If you don't have any problems, why are 
you here?" 


"Oh, we have a very serious problem," I ans- 
swered. "Cost of living is rising. Our oper- 
ators want more money for their output. The 
C. D. Osborn Co. can't raise the selling price 
of gloves. They have tough competition. The 
Japanese industry is undermining the American 
glove industry; this is our toughest competition. 


When I heard about a three- 
week course in this subject, this was for me. I 
have always been a little leery when it came to 
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There is only one answer—Better Methods. Our 
training cost is sky high. It seems we train 
the girls for other needle work industries. 
From this course I intend to get the best meth- 
ods for each job, and proper training for our new 
operators accordingly. " 


After the boys heard my point of view, and 
were convinced that I was there for a purpose, 
they accepted me and treated me as one of 


them. I completed the course successfully in 
1953. 


Upon my return to work, I sold Mr. Henry G. 
Hartmann the idea of holding one hour sessions 
twice a week. I became the instructress who 
familiarized our supervisors with MTM. I 
must have done a pretty good job for they all 
became MTM conscious and accept my MTM 
studies. 


To get started on the right track, Mr. Drum- 
mond was asked to help me at the C. D. Osborn 
Co. for two weeks. 


I decided to analyze our most difficult job first. 
This was sewing Inseam Fourchettes. "To get 
the best method for a job analyze your fastest 

operator,'' Mr. Drummond told me. "No doubt 
she is the highest earner and must employ the 

best methods for doing the job." 


After watching the operator for one hour, and 
getting more and more confused with every 
motion, I almost gave up the idea. I didn't 
know what hand to watch, both were so fast I 
was getting dizzy. Mr. Drummond was in the 
same stage of confusion for he didn't have one 
motion listed. I looked at Mr. Drummond and 
said "Is it possible to MTM this job?" 


"Yes, Ginny, but we have to do one thing at a 
time. First, we will analyze the right hand, 
forget the left hand completely. Then we'll 
analyze the left hand only. Only then can we 
start on both hands."" It took us a whole week 
to analyze our first job. The most surprising 








thing was that we came out to exactly the same 
standard hours that were set by time studies 
years ago. 
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The second and third jobs became a little easier 
because I knew what to look for. 


One day, Mr. H. G. Hartmann said, "We have 
the best methods listed on paper. Can we get 
our supervisor to train new operators with this 
method?" 


In order to sell anything to anybody, you your- 
self have to be sold. So I sat down at the ma- 
chine trying to follow this method. Believe me, 
I couldn't do it. I spent more time trying to 
match the right hand with the correct fourchette. 
I knew something was wrong. 
was told of my problem and with his help we 
came out with this training program which has 
been passed out to you gentlemen. 


The training program was a full time job so we 
selected a very capable young girl. Ursula not 
only speaks a few languages but also has a very 
pleasant personality, which helps when you are 
learning a new job. 


The first thing a newcomer had to be taught was: 


(a) The difference between a right hand and 
left hand glove. 


(b) The difference between the right side and 
wrong side of the material. 


(c) The starting point of the right and left 
hand glove. 


(d) This rule should be memorized: 


(1) Thumb gouge next to operator start 
with index finger. 


(2) Thumb gouge away from operator 
start with little finger. 
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Mr. Carl Bracken, 


After the instructor explains this and she knows 
the new operator understands, she is then ready 
for Exercise One. The new operator must 
reach the standard time allowed for this exer- 
cise before she is shown what to do for Exer- 
cise Two. A complete outline of the training 
exercise can be found following the text of this 
presentation. 





We know after 8 to 12 hours of training if we 
can make an operator out of her. After the 
operator completes the exercises successfully, 
she is ready for production work. 


For each new operator we have a chart to 
watch her progress. This chart is reproduced 
on the following page. 


We allow 630 hours or 15 to 16 weeks for op- 
ator to reach 110% efficiency. Before this 
training program we had allowed 32 to 53 weeks. 


Keeping a chart for each new operator enables 
us to see how she is progressing. If the op- 
erator has fallen below our learner's curve, 
the instructor follows up the operator's motions 
with our MTM breakdown to see what she is 
doing wrong. 


C. D. Osborn has been very successful with 
this new training program—thanks to MTM. 
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APPLICATION It! 


AUDITING METHODS 
By 


EVAN DeJONG 
Evansville Division of Whirlpool Corporation 


Many of us come to seminars or meetings of vision, cost procedures, and industrial engineer - 
this kind hoping that the lightning will strike as ing, which are most important to this discus- 
we hear some one develop their experience that sion, were varied according to the individuals’ 
will be exactly the information, plan or condition background. 

we wanted to learn about. This is perhaps the 

human way of looking at these situations. You Through the natural re-organization and press 
perhaps know from experience that rarely do of getting new operations into production, some 
these things happen. Usually it is a tedious industrial engineering activities were not given 
job of ferreting out an idea here and there that the attention that is necessary for up-to-date 
will fit and meet your needs. application and administrative practices. These 
problems and others are pin-pointed when the 
If this discussion on Methods Audit will lend great equalizer "competition" lets you know that 
ideas and be of help, or build confidence, it your position is not firm. This is particularly 
certainly will have been gratifying for me to true in our corporation where divisions compete 
have made a small contribution toward better against each other, and outside suppliers, to 


industrial engineering activity in your respec- provide parts or components for any of the other 
tive operations. divisions. 


As I pointed out, this may not be "tailor-made" The problem was identified. 
for you and, therefore, we should relate some 
of the background and conditions that were pres- 
ent during our project analysis so that you can 
properly bring this discussion into focus. Actu- 
ally we had conditions that were in favor of a 
highly successful program. 


We had to make a 
complete analysis of a basic component of a re- 
frigerator unit to determine as quickly and ac- 
curately as possible what we could do to bring 
our costs down. A Methods Audit was a sub- 
stantial part of this analysis. 


In early September of last year, the Industrial 
Engineering Department held a meeting with the 
Plant Manager, and his key personnel, to ex- 
plain the purpose of the cost analysis project 
and to determine the scope it should cover. 
Representatives of tooling, inspection, layout, 
processing, production control and product engi- 
neering also attended this meeting so that they 
could lend invaluable service as the various 
phases of the project were studied. 


The Whirlpool Corporation - Evansville Division, 
makes gas and electric refrigerators, upright 
freezers, air conditioners and dehumidifiers in 
both the RCA/Whirlpool line and the Coldspoi 
line for Sears Roebuck. We also have a divi- 
sion making components for Aircraft. 


The division, as it is now, was brought into 
being in 1955 by a merger between Whirlpool 
and Seeger Refrigerator Company, the range 

and air conditioning division of RCA; the pur- 
chase of the International Harvester Manufac- 
turing facilities in early 1956; and the purchase 
of the Servel Manufacturing facilities and patents 
in early 1958. 


The project was outlined as follows: 


1. We would analyze a unit which was rep- 
resentative of the majority of our pro- 
duction. 


The rapid expansion of course posed a terrific 2 
problem in integrating personnel, manufacturing 
facilities, and policies. Management men from 

three (3) different refrigerator manufacturing 

operations were brought together to develop, as 

quickly as possible, smooth operating manu- 

facturing facilities. The concepts of line super- 3 


- We would collectively determine the ef- 
fectiveness of the use of our people, 
methods, tools, equipment, material, flow 


and work-place layouts as related to good 
sound costs. 


- We would conduct this analysis so as not 
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to incite labor problems by informing our 
employees, through our supervision, that 
we are about to embark on a Methods 
Audit of all operations of the component 
to determine to what extent our methods 
and work standards are outmoded and to 
what degree they have changed from the 
original installation. 


4. We would use Methods-Time-Measurement 
(MTM) technique of measuring the effec- 
tiveness of methods and time standards. 


5. We would use other appropriate industrial 
engineering tools and techniques toward 
achieving maximum effectiveness. 


6. We would complete the survey part of 
the project by early November, 1957. 


Beside outlining the project, time was taken in 
this general meeting to explain to the supervi- 
sory personnel something about MTM. None of 
these men had had MTM training but a few had 
received training more than fifteen years ago in 
the A. B. Segur system - M.T.A. This helped 
us to explain the background and concepts of 
MTM-—at least to explain MTM as motion analy- 
sis, not time analysis. Admittedly, this could 
not be called orientation in the technique but it 
removed the possible mystery of the name and 
demonstrated the approach to be used on opera- 
tion analysis. We were pleased with the gener- 
ation of confidence that was apparent even in 
this short period of time. 


To accomplish the assignment in the period al- 
lowed, a task force group was organized as 
follows: 


1. Two (2) Industrial Engineers were as- 
signed to make flow process charts of 
each of the (32) parts or sub-assemblies 
to determine the routing, handling, re- 
work, etc. Simultaneously, possibility 
analyses were made to improve material 
utilization, handling elimination or combi- 
nation of work. 


2. Two (2) Industrial Engineers were as- 
signed to make MTM analyses on each of 
(250) operations to evaluate current 
methods and establish time for the pres- 
ent method. 


3. One (1) Tool Engineer was assigned to 
evaluate the feeds and speeds used on the 
machining operations to make recom- 
mendation for present tools (better utili- 
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zation) or more efficient tools. 


All of these data were coordinated by the In- 
dustrial Engineering Department and a summary 
analysis or recap sheet (See Chart I. All 
Charts follow the text) was made on each part 
or assembly listing each operation and the fol- 
lowing infor mation: 


1. Time value for the original method. 


2. Time value for the current method or 
with minor improvements of the work 
place area (combinations in some cases 
were obtained by group balance). 

3. Time value from proposed improved 

methods. 


Drawing the summary sheets into one total gave 
us the potential cost reduction that could be 
made. The recommended changes told the brief 
story of what had to. be done; and, from this 
composite picture, an approximate schedule 
could be set as a goal to put the project through 
to completion. 


With the summarized audit information, a report 
containing the findings, conclusions and recom- 
mendations resulting from our survey was given 
to all members of management concerned with 
this activity so that they could see the total 
value of the project. In turn, these supervisors 
could encourage their people to work together in 
a spirit of cooperation and unity with a common 
goal and purpose in mind to obtain maximum 
realization of the cost reduction potential. 


An important factor that warrants emphasis is 
that all of management was aware of a project 
of this kind. In this way, continual progress 
must be made by all groups contributing their 
efforts. Obviously, when your supervisor is 
interested in a project, the results will be 
forthcoming. This kind of attention is healthy. 


FINDINGS 


The results of the audit or survey potential 
(see Chart II) indicated we were 48% over in 
direct labor and 75% in inspection. ("Over" 
being the relationship to final position of the 
goal with methods improvement and up-to-date 
standards. ) 


The reason for these differences can be related 
to a number of different conditions, concepts, 
procedures and administration practices. Spe- 
cifically, the Industrial Engineering problems 
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can be summarized as follows: 


1. Some of the standards were not set with 
good practices. 


. The Industrial Engineering Department did 
not keep up with methods, layout and 
process changes with the speed and fol- 
low-up that is necessary to maintain cost 
control. 


RECOMMENDATIONS 





The recommendations that we made after an 
analysis of the problem included the background 
which gave reason to some of these conditions 
were as follows: 


1. To set up a procedure that would give 
closer coordination with the cost depart- 
ment on up-to-date labor standards and 
keep them informed of changes. 

2. To set up a supervisory training program 

based on what part the supervisors play 

in developing a work standard; -how it is 
done; how it is controlled; how it is ad- 
ministered; and what concepts must be 
used to produce a competitive profitable 
product. 


- To immediately begin a program of final 
analysis of methods, tools, equipment and 
work standards for the purpose of bring- 
ing them up-to-date. 


- To analyze inspection methods and meas- 
ure that part of inspection that is neces- 
sary so that these costs may be brought 
into proper range. 


Each of these recommendations can be dis- 
cussed at length but for purposes of this dis- 
cussion and the part MTM played, I would like 
to deal at some length with Items #3 and #4. 


HOW WAS THE INSTALLATION HANDLED? 





The most immediate step was to bring stand- 
ards up-to-date with the method that was found 
current during the audit. We did use MTM to 
a great extent in knowing what the new standard 
should be. However, because MTM was some- 
what unfamiliar to foreman and operators, it 
was not used as the only basis for time stand- 
ards. We actually timed the job where methods 
had changed and/or been revised to establish the 
new standard. Group operations were also time 
studied and rebalanced according to the amount 
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of the methods changes made. In some cases, 
these efficiencies were not realized until a 
production level change increased or decreased 
the number of people. 


The MTM analyses were valuable in having good 
leveled time for making an operation combina- 
tion by man and machine charts. The MTM 
studies showed a more effective burring and 
wire brushing method. Also, close analysis of 
the operator holding the clamp indicated the 
necessity could be eliminated with a minor tool 
change. The result, we were able to show an 
effective combination to the foreman, and in ad- 
vance of the change, tell him what the result 
would be. (See Charts Il & IV.) This was 
particularly helpful because no standard data 
was available to help in predicting operation 
time for new methods. 


MTM also improved the effectiveness of flow 
process charts. It was determined from a flow 
chart analysis that two different valves were 
used during the processing of the unit—one at 
the plant making the assembly, and one at the 
plant putting the assembly into a refrigerator 
unit. This is shown by the random selections 


of operation for illustrative purposes on Charts 
V & Vi. 


With the use of MTM, we were able to estimate 
the new operations that would be involved if a 
common valve were used. A cost reduction re- 
port (see Chart VII) was prepared to show the 
cost differential of the present and proposed 
method. In this case, valid data was very im- 
portant because of the substantial sum of money 
required to tool and change the process equip- 
ment. Management could see the results and be 
in a position to authorize the expenditure neces- 


sary to put the cost reduction proposal into ef- 
fect. 


The methods audit was not the only approach to 
cost reduction. There was, and is, an effective 
committee composed of key staff personnel from 
the engineering and cost departments. This 
group is headed by the Chief Product Engineer 
for the component we were to audit. This gave 
us an effective hand in getting improvements in- 
stalled if product design was involved. Further, 
with the new data being generated, we would lend 
valuable assistance to them in evaluating pro- 


posed changes as they were considered within the 
committee. 


In each of the examples I have used to show you 
how the installation was made, MTM had a key 
part in making methods improvement and cost 
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reductions. It might be termed the vehicle for 
getting other good industrial engineering tech- 
niques rolling and into full use. 


The result of the program was most gratifying. 
This can be seen by Chart VIII. Our objective 
has been reached. 
ment being made in four (4) months. Further, 
the Chart does not reflect improvement in de- 
sign for quality and performance that were ab- 
sorbed during this program. 


The majority of the improve- 
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An important factor that warrants mention is - 
This program was put into effect without an 
appreciable amount of supervisory or employee 
objection and unrest. It was done with good 
communications, fairly and appropriately. We 
approached this problem with the concept that 
we would use good sound Industrial Engineer- 
ing and Management principles in obtaining 
maximum effectiveness from men, materials 
and facilities. 
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CHART I 
ASSEMBLY RECAP SHEET 
ORIGINAL CURRENT | PROPOSED 
OPER OPER. DESCRIPTION METHOD METHOD IMPROVED RECOMMENDED 
NO MTM METHOD CHANGES 
AUDIT 
TMU TMU TMU 
MATCH PARTS 
2 FRONT HEAD, REAR HEAD 800.0 550.0 550.0 COMBINE OPERATION 
CYLINDER & ROTOR ASSY 
BURR CYLINDER & FRONT 488 .3 250.0 ce) ELIMINATE 
4 HEAD BORE 
6 OIL ROTOR 166.6 35-5 0 AUTOMATICALLY 
OIL 
8 ASSEMBLE STATOR 363.3 686.6 686.6 IMPROVED METHOD 
LEADS 
WELD SERIAL PLATE 650.0 400.0 400 0 CHANGE SEQUENCE 
10 & UNLOAD CONVEYOR & COMBINE 
CHART II 


TOTAL COMPARISON SURVEY POTENTIAL 

















ACTUAL POSITION PROPOSED POSITION FINAL POSITION 
TYPE IN % OF IN % OF IN % OF 
LABOR GOAL AT START GOAL WITH GOAL WITH 
OF PROGRAM PROPER STANDARDS |METHOD IMPROVEMENTS 
DIRECT 148% 116% 100% 
INSPECTION 175% 130% 100% 
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CHART V 
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EVANSVILLE DIVISION 
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CHART VII 
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DEVELOPING AN IMPROVED PLANT LAYOUT WITH MTM 


By 


Wayne Howart 
Westclox Div. of General Time Corp. 


The physical arrangement of manufacturing fa- 
cilities to a large degree affects a company’s 


ability to manufacture its products economically. 


The whole concept of processing and manufac- 
turing control is reflected in the plant layout. 
The ultimate in cost reduction and cost control 
is to be achieved. Westclox management felt 
that in order to remain competitive a cost re- 
duction plan was necessary. In the process of 
developing a plan for Westclox, it became ap- 
parent that an improved plant layout was a 
necessary part of the over-all program. Ac- 
cordingly, a plant layout section was organized 
within the Industrial Engineering Department 
and a study was made to determine the best 
scheme of plant layout for Westclox. 


The new plant layout was to accomplish two 
basic objectives: 


1. To lower manufacturing costs through 
(a) Reduced material handling. 
(b) Improved methods and processing. 


2. To determine the manufacturing facilities 
needed to meet a 10-year sales forecast. 


In order to accomplish these objectives, the 
plant layout program was developed in terms 
of a four-phase study, designed to present a 
logical approach in developing the best plan of 
layout for Westclox. These phases of the study 
were as follows: 

1. Space analysis. 

2. Construction of block layouts. 

3. Detailed department layouts. 


4. Layout move sequence plan. 


Phase 1 - Space Analysis 





The determination of final space and equipment 
needs for a new layout is based on many sep- 
arate analyses covering all aspects of manufac- 
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turing specifically, these analyses must lead to 
the answers to two basic questions. 


1. How much space should be allocated to 
each department? 


2. Where should each department be located 
to obtain best operating results? 


In order to develop the answers to these two 
questions, a number of manufacturing conditions 
were analyzed individually. 


1. Present space utilization - Department 
foremen were interviewed to determine specific 
space needs under current operating conditions 
and to evaluate the actual effective use of space. 
Each department was physically measured in 
order to assemble accurate space usage data. 
To supplement the foreman's interviews, person- 
nel from the Plant Layout Section personally in- 
spected each department in order to make an 
evaluation of space utilization. After the actual 
space needs under existing production were eval- 
uated, the needs were projected to the ten-year 
figure, 


2. Present equipment utilization - Equipment 
efficiency factors were developed with the aid 
of the Tabulating Section which prepared and 
processed special time cards. Operators and 
setup men were requested to stamp in and out 
these special time cards according to a prede- 
termined list of conditions such as operating, 
setup, breakdown, no operator, no work, no raw 
material, etc. After a two-week period a sum- 
mary of time cards permitted an efficiency 
schedule to be developed. In addition, this pro- 
cedure pin-pointed equipment that was obsolete 
or not needed. 


3. Personnel efficiencies - were determined 
by a detailed study of personnel efficiencies from 
Payroll statistics for a six-month period and an 
efficiency factor determined for the department. 
Efficiency factors were developed from a com- 
parison of actual hours required for an opera- 
tion against standard hours scheduled. These 
hours were totaled by department and a ratio of 
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total actual hours against total standard hours 
was the efficiency factor for the department. 


Location Analysis 





1. In order to analyze the direction and vol- 
ume of the flow of material between depart- 
ments and determine the best locations of de- 
partments, six representative clock models were 
selected and the movement of their individual 
parts from department to department was charted 
on input-output charts. The input-output charts 
were used to measure the amount of back track- 
ing of material through the manufacturing proc- 
esses. This tool provided the key to the best 
relative location of each department. The ini- 
tial flow analysis indicated a 31% backflow of 
material. After a rearrangement of depart- 
ments, backflow was reduced to 4.21% on the 
new layout. 


2. Flow Process Charts by Model - In order 
to determine where manufacturing improvements 
could be made, each selected model was dia- 
gramed by means of flow process chart and re- 
viewed to determine when individual operations 
could be (a) eliminated, (b) combined, (c) im- 
proved. 


Phase 2 - Over-all Plant Layout 





1. Plan No. 1 - The Ideal Layout. An ideal 
plant layout was constructed, independent of 
building restrictions or other considerations, to 
illustrate graphically the most desirable ar- 
rangement of the departments. 


2. Restrictive Factors were then considered. 


(a) Prohibitive cost because of the com- 
plexity of equipment installation in 
some departments. It was decided the 
cost was too great for relocation and 
the new plant layout would be designed 
around these departments. 


(b) Floor loadings - The feasibility of 
moving heavy equipment into a multi- 
story building was investigated and ad- 
vised against placing heavy machinery 
in these buildings because of the floor 
load requirements. Cost would be 
great to reinforce the floors and a 
safety hazard created if the floor was 
overloaded near one of the large ma- 
chines. 


3. Three Basic Plans were submitted, each 
reflecting the: 
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(a) Flow Diagram. 
(b) Significant Cost. 


(c) Personnel Requirements. 


Once the restrictions to a new plant layout were 
established, a series of alternate block layout 
plans were developed and evaluated. Three of 
the block layout schemes were completed and 
submitted for consideration. One of the three 
schemes was selected and, subject to minor 
modifications, was approved. The general con- 
cept of the layout is one of forward material 
flow and in-line processing. 


Phase 3 - Departmental Layout 





1. By product. 
2. By process. 
3. Repro-Templets, 


After the first two phases of the program had 
been completed and the master block layout plan 
had been accepted, the next step was to develop 
the detailed arrangement of equipment for each 
department in accordance with the approved 
master block layout plan. The departments 
could be laid out by product or by process. 
After careful study of the departments, it was 
concluded that in most cases, a combination of 
the two methods was most logical. Repro- 
Templets were used in the actual layout work. 
These templets are to scale and indicate the 
outline of the various equipment. The templets 
have an adhesive back and are placed on an 
acetate grid sheet, in desired position. Work- 
ing prints are then made from these acetate de- 
partmental layouts. 


One of the departmental layouts which caused us 
great concern was the Shipping Department. We 
were faced with the problem of providing stor- 
age space for approximately 430 separate items 
totaling more than 2,000,000 units. From the 
beginning we realized we were faced with the 
problem of walking great distances for the items. 
The plant layout group worked closely with the 
MTM staff on this and together resolved a lay- 
out of flow racks, floor roller conveyors and 
overhead conveyor system, which runs the width 
of the storage area. This is supplemented by a 
traveling booster conveyor which carries picked 
items from the floor to the overhead conveyor. 


The man picking the various items for the order 
selects the item from flow rack or floor con- 
veyor. These racks are filled from the rear, 
the items roll forward, maintaining a constant 
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distance for the order picker to walk. Items 
picked for an order are placed on the conveyor 
and carried overhead. As the order is filled 
the picker will have traveled the width of the 
storage area. He then will take a new order 
and begin picking from the bottom of the order 
on the return trip. Since the new layout re- 
duced the walking distance and maintained it as 
constant, the MTM Staff using predetermined 
times were able to establish standards for the 
department. Upon analyzing the new layout, we 
determined the personnel requirements to be 36 
compared to 54 on the old layout, with possible 
further reduction in the force as experience with 
the system is gained. 
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Phase 4 - Move Sequence Plan 





Phase 4 of the study was to develop the de- 
tailed plans and schedules for accomplishing the 
actual physical moves required by the new plant 
layout. The first step in this phase was to as- 
semble all parties connected with the move and 
determine a leapfrog moving schedule. This 
schedule, in addition to giving a timetable of 
moving by departments, also reflected the costs 
of new buildings, any new equipment, and cost 
of moving itself. The actual physical moving 
required additional personnel in our Maintenance 
Department so these departments were immedi- 
ately brought up to the estimated required figure. 
Once these remaining items were resolved, the 
actual move was under way. 
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ESTABLISHING METHODS AND STANDARDS WITH MTM 


By 


Lloyd M. Griffin 
Shorewood Mills 


I would like to take a few minutes to tell you a 
little about the Company I represent, in hopes 
you will better understand our experience with 
MTM. Shorewood Mills has been engaged in 

the manufacture of quality men's and boys' 
underwear for the past 39 years. Our produc- 
tion consists basically of Union Suits, Tee 
Shirts, Athletic Shirts, Shorts and Briefs made 
from a wide variety of fabrics. Through the 
necessity of customers’ demands, we also make 
a number of items which are considered specialty 
items in our business and produce these on a job 
shop basis. The plant is located on the north 
Side of Milwaukee, Wisconsin. 


In recent years, the haphazard methods of the 
textile. industry are undergoing a change. In 
more and more plants the proven methods of 
scientific engineering techniques and principles 
have shown increased productivity while costs 
go down. Some of the ways and means used 
successfully include: 


Improved Operator Training 

Better Job Breakdown 

Flow Charts 

Motion Study Using Motion Pictures 

Machine Improvements and Attachments 

Time Study and Others Including MTM in 
More Recent Years 


Any of these techniques could be thought of as 
"tools" for the industrial engineer, which must 
be used correctly to be most effective. All 
have their duty in the problems of cost reduc- 
tion. 


Prior to my association with Shorewood Mills, 
work standards had been established by various 
people in the plant and occasionally some tempo- 
rary outside help, with no records kept of how 
these standards were set up. It was decided to 
review these standards and set up a complete 
standards program with supporting records. 
After careful consideration of various methods 
available for this program, it was decided to 
use Methods-Time-Measurement procedure to 
bring these standards up to date and improve 
their accuracy. 
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A short comparison of Time Study versus MTM 
will help you to better understand the benefits 
of Methods-Time-Measurement to Shorewood 
Mills. 


To obtain rate standards by Time Study, the in- 
dustrial engineer has to determine the time re- 
quired by an average, qualified and experienced 
operator to do a specific, standardized job at 
average incentive level. 


Now the question arises, just who is an average, 
qualified and experienced operator? Such a 
person would be representative of our national 
industry's factory help in coordination, dexterity, 
reactions and general attitude. He has been 
carefully trained in the best method and has ac- 
quired enough experience at the job to perform 
comfortably and adequately. 


The average factory may not have such a per- 
son. Even if there are piece rates, incentive 
pace may be lacking. In the sense, then, the 
operator in question may exist only in the im- 
agination of the industrial engineer. This 
engineer must be thoroughly trained in the im- 
age of this operator. In addition, he must be 
fully capable of using the image of the worker 


at average incentive pace as a measuring rod 
for others. 


We now face the question of what is the aver- 
age incentive effort level. This is where a 
wide variation of opinion exists and many times 
a challenge is forthcoming from this point; how- 
ever, there are statistical techniques which can 
assure reasonable accuracy for average effort 
within a given plant. 


To be useful, Time Studies must be broken 
down to time for specific elements from which 
standard data can be built for future savings in 
rate work. 


Unfortunately, data set by Time Study is weak 
in the following ways: 


1. It takes considerable time to develop such 
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data complete enough to be used for setting 
rates. 


2. It is difficult to find and observe the 
exact variations of method we need to time. 


3. Short elements are difficult to time, es- 
pecially with a stop watch. 


4. It is almost impossible to describe the 
methods used in sufficient detail. 


5. It is difficult to chart the elements for 
easy use. 


6. Many elements are not interchangeable. 


Let me hasten to add that even with its disad- 
vantages, this type of data can be developed and 
used and it is being used with good results in 
many plants. The trouble is basically in the 
time needed to develop such data. 


Some of the characteristics of the MTM tech- 
nique which we feel to be valuable are these: 


1. It requires a thorough and detailed 
analysis of the operation studied. 


2. It provides a complete detailed, yet brief, 
description of method used. 


3. It provides accepted time values of each 
motion used for the method analyzed. 


We believe these characteristics make MTM 
more useful. MTM is a means of obtaining 
and recording information. How well you ob- 
tain it and what you do with it, will determine 
the value to you. In this way, you might say, 
it is like Time Study. Time Study is also a 
means of gathering information. The basic dif- 
ference is that Time Study requires obtaining 
the time, while MTM requires obtaining the mo- 
tion which has an accepted time value already 
established. 


Now let us discuss our use of MTM in Methods 
and Standards: 


1. The first step taken is to determine the 
pattern to be used, and here we make our first 
use of Methods. The question arises, is it 
possible to cut the garment from a one-piece 
pattern or must it be two or more parts? 


(a) What effect on use of fabric? 


(b) What effect on fabric lay-up time? 


(c) What effect on pattern mark-out time? 


(d) What effect does pattern design have 
on cutting and sewing operations? 


(e) What is the ideal pattern and fabric 
to use? 


2. The second step is to determine the proper 
process analysis for the construction of the gar- 
ment. It is known that the actual sewing re- 
quires about 30% of an operator's time on most 
operations; therefore, we must ask ourselves 
these questions: 


(a) What operations are necessary? 


(1) Can we eliminate? Must this par- 
ticular work be done at all? Is 
there a way to save the operation? 


(2) Can we combine? Must the opera- 
tion be performed separately? Here 
is the clue to the use of attach- 
ments to combine two or more op- 
erations into one. 


(3) Can we rearrange the sequence? 
Why do the jobs in that particular 
order? Would it be easier to do 
other operations if arranged dif- 
ferently ? 


(4) Can we simplify? What can be 
done to ease the work involved on 
each operation? What if any at- 
tachments can be used to create 
more continuous machine use? 


3. Our third step is to determine what type 
stitch and machines can be used for this par- 
ticular garment construction. There are num- 
erous sewing heads available and it doesn't 
make much difference which one is used if it is 
in good repair and efficient in operation; the 
only important question is—is it the best ma- 
chine for the job? 


4. The fourth step is the work layout or ar- 
rangement of the work place for each operation. 
It is important to develop rhythmical, free- 
swinging motions. Good operator performance 
is a seemingly effortless rhythm. To develop 
this smoothness, certain principles must be 
followed in the job method. 


(a) Try to arrange the work so both hands 
complete their particular tasks at the 
same time. One example is the guid- 
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ing of one piece of work while the 
other hand prepares the next piece 
for sewing. The last stitch and the 
end of the positioning of the next 
piece should occur naturally at the 
same time. 


(b) Arm motions should be opposite, and 

occur together and over similar paths. 
It is easy to build a rhythm with this 
type of work path. Hold elbows at 
the sides of the body and swing the 
forearms in opposite but similar paths 
at the same time and the natural 
swing of such motion may be noted. 


(c) Motions should follow oval, rather than 
flat, paths. It is easier to make a 
somewhat circular or oval path than 
the flat, horizontal path. 


(d) The work arrangement should require 
the simplest type of motions. It has 
been established that it is easier to 
use a finger motion than a wrist mo- 
tion. By the same token, forearm, 
full arm and body motions call for in- 
creasingly greater effort in that order. 


(e) Locate the parts in such manner to 
allow aside garments position to take 
you to general location of obtaining 
next part. 


(f) Decide on permanent location for main- 
tenance materials to develop smoother 
process. When operator knows where 
such items as scissors, screw driver 
and bobbins are, there is no lost mo- 
tion. 


(g) Provide the best possible work condi- 
tions, such as chair, table adjustment 
and material control. There is no 
easier or better way to set up the 
most efficient method than the use of 
MTM, which stresses method to obtain 
standards. 


With the completion of the methods check-up, 
we are ready to start the detailed analysis of 
each operation to obtain the standards. 


To make MTM analysis of an operation, it is 
first necessary to obtain the motions the opera- 
tor uses to perform her work. It will be noted 
that the basic motions of most importance are: 


Reach 
Grasp 


Move 
Position 


Release 
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Next, we must determine the condition under 
which each motion is made. There are differ- 
ent conditions affecting each motion such as 
length of reach and the state of the object 
reached for. These conditions affect the time 
assigned to the motion; they must be determined 
before the time can be assigned from the table 
of values. 


It is only necessary to observe enough complete 
cycles of the operation to determine the correct 
motion pattern. The values for each element 
are then assigned from the data card and the 
elements totalled, then the allowances for rest, 
fatigue and delay are added. The final figure 
in TMU would then be converted to Standard 
Minutes or Hours per unit to complete the 
analysis. 


When sewing operations are carefully analyzed, 
you will find they consist of few simple ele- 
ments frequently repeated in different combina- 
tions. After thorough study and assignment of 
values to these, it is no longer necessary to 
make individual studies of each new operation. 
It is only necessary to determine the elements 
required from these standard elements and add 
them together for the allowed time of the oper- 
ation involved. When all the standard elements 
are charted, you will find the data can be ap- 
plied very rapidly. However, you will probably 
continue to revise and develop the data after 
starting to use it. 


Now let me briefly summarize our benefits 
from MTM: 


1. We now have detailed descriptions of 
methods used on all operations analyzed. 


2. We have eliminated many unnecessary 
motions in the operations. 


3. We have established more consistent 
standards. 


4. Better development of work layout. 


5. We establish many standards in advance 
of production. 


6. It is easier and faster to train operators. 
7. It provides a basis for determining 
whether a methods change has occurred and 


permits the revision of standards for it. 


8. It is helpful in determining the value of 
new equipment. 
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9. Guides product design for lower cost. Although we have experienced these benefits 
' from the use of MTM, we feel that we have 
10. Develops machine attachments to simplify only a good start in its use. 
operations. 


11. Trained supervision to spot poor work 
patterns. 


MIM ELEMENT ANALYSIS 


2-2-56 





Date 
Article: Men's boxer shorts Style: 4100 


ation: Assemble fronts Oper. No.: 1 


terial: Broadcloth Size: Sheet : OF 


Standard El t: A2a Thread: 2 cones 70/3 
i t: er 400W1 : 15 


Description Left Hand Motion |T.M.U.| Motion Description t Hand 
129 R1OC || Reach to 2 
Gras as moved 3.5 | G1B Gr 
to ition, to assist 5.6 | G2 t 
positioning with other part 13.5 | M1OC || Move part to position with 
other t 
Position to other 25.3 | P2SSD |} Position to other t 


asp for control 5.6.16 2 as ts for control 


Use for positioning one part to another part, 
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APPLICATION VI 


MTM STANDARDS USED IN HEAVY INDUSTRY 


By 





Paul Broadstone 
Clark Equipment Company 


"In the days of silent pictures, five-cent cigars, 
and hand-wound phonographs it cost about 30 
cents to move a cubic yard of dirt. Now in the 
electronic age of hi-fi, guided missiles, and a 
general price index that has risen 265%, it still 
costs only 30 cents to move a yard of dirt. 


Why? The answer is modern equipment—machines . 


that feature high capacity, speed and handling 
ease.'' Those were also the days when the man, 


the mule, and the slip scraper could be hired for 


$10 a day. 


A little later when Kate Smith had just begun to 
sing 'When The Moon Comes Over The Moun- 


tain,"' a tractor drawing a scraper at three miles 


per hour replaced the man and the mule, and 
still, dirt could be moved for 30 cents a yard. 
This type of moving and this cost of 30 cents a 
yard can be accomplished only because of heavy 
equipment—the type of heavy equipment that we 
are going to discuss today. This equipment is 
manufactured to effectively utilize manpower 
and tax dollars on the construction job. 


As manufacturers we must keep in pace with 
this philosophy. We at CMD believe that we 
have kept pace because as our sales increased 
from three million in 1953 to forty-six million 
in 1958, our direct labor cost to sales dollar 
has diminished and our indirect cost has de- 
creased. Basing our average wages per hour 
in 1956, we have raised these wages 112%. This 
was done despite the fact that in late 1957 and 
early 1958 we had introduced seven new models 
and products into our line. 


Of course, we use an Incentive; and, of course, 
we use Standard Data; and, we are developing 
more Data every day. We are using MIM as 
a basis for our basic Standard Data where it 
can be made applicable. 


We believe that the MTM technique is more of 
a science than a philosophy, and we believe as 

H. S. Keyes, Jr., who in his book, How to De- 
velop Your Thinking Ability, wrote, "The scien- 
tific way to tell whether a cake tastes good is 

to eat it. The philosophical way is to analyze 

the recipe and psychoanalyze the cook."" We 
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are not philosophers but we do feel that in a 
minor way we are scientists. Consequently, 
we have cut ourselves a large portion of the 
MTM cake and have found it to our liking. 


Our manufacturing consists entirely of heavy 
metal, processing, welding and assembly.  Fol- 
lowing the text of this presentation, you will 
find one of the several basic analyses that we 
have made in our shop. 


As we began our MIM work we did not dive 
into shallow water. Rather, we made some 
comparative checks of MIT'M Basic Standards 

vs. Time Studies and other basic values. Our 
results showed comparative accuracy to be 
within acceptable percentage. And, as a re- 
sult, we have placed our basic standards, using 
MTM, into use. Another result of using MTM 
is a decrease in the number of union grievances 
regarding standards, although no sales program 
was put on in an effort to sell our union com- 
mittee on this technique. Our experience has 
shown us that the basic difference between using 
MTM Standards in long-cycle heavy industry and 
highly repetitive light work might be listed 
thusly: 


1. Operation crews frequently involve more 
than one person. 


2. More operations are processed controlled. 


3. Variables frequently are limited so that it 


is expeditious to use averages rather than carry 
variables. 


4. Less accuracy may occur but also we may 
condone less accuracy. 


5. More body motions are employed. 
6. There are fewer simultaneous motions. 


To minimize the conditions as much as possible 
so that variables may be limited or controlled we 
establish procedures and methods as accurately 

as possible, after which we make a very thorough 
analysis of the motion patterns. Only at this point 
do we condone averages. In addition to using MTM 
for our shop values, they are also being used in 
office procedure analyses of indirect operations. 
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Our conclusion, needless to say, is the same as think it worthwhile to use MTM in heavy shop 
other MTM practitioners. That is, that we operations. 


STANDARD PRACTICE 
File Word. STANDARD DATA 





CLARK EQUIPMENT COMPANY 


Construction Machinery Division Procedure No. 486-0108 pey, No. 
PIPESTONE PLANT 


Sheet No 1 of 6 
SUBJECT. DO=-ALL SAW AND LANCO DRILLMATION STANDARD DATA 








DEPARTMENT.__402 - MACHINE SHOP 














COMPILED BY REVISED BY APPROVED BY DATE DISTRIBUTION 
E. Pollard FP. Broadstone I.E. Standard 
D. Woodford Practice 
anuals 

















: EQUIPMENT 
Do-all power saw IBM no. 7001 
Lanco drillmation IBM no. 1600 
Air operated hand grinder 

a2. PRODUCT 
Any processed cylinder tube assigned to 
these machines 

ps a OPERATION 
Do-all power saw - saw to length 
Lanco drillmation - drill one or two 
holes in cylinder tube 1/2" to 1" dia- 
meter. 
Hand grinder - burr saw and drilled hole 
burr. 

1V. SAFETY DEVICES 
As approved by the Safety Department 

V. INSPECTION 
A. Check first piece - operator and 

inspector 

B. Spot check during run - operator 


C. Check before issuing move ticket - 








CMD.-224 (8P) 
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MIM ELEMENT ANALYSIS are ae MIM ELEMENT ANALYSIS ref id 
. | 
l set 














Part Nome DoAll Saw and Lanco Dril!mation Part No. __ es < Port Nome___DoAll Saw & Lanco Drillmation Std Data __ Part No. 

Oper. Nome Oper. No. 2 | aaa Se So per. No, 

Operator nae _._ Wp, _Analyst_E.P. _ Date__10-29-58 Operator. No, Analyst__E.P Dote__10-29-58 
DESCRIPTION - LEFT WAND { fF “woTioM THU motion F DESCRIPTION - RIGHT HARD OESCRIPTION ~ LEFT HAND F \moTiOm | Tuy MOTION F DESCRIPTION ~ RIGHT HAND 


Get hoist to stock (002-044) | 








Grasp 





L 

2.0, G 
6.2, APL 
=! 











Apply pressure , id AP]. Apply pressure ———_____ 
; ps cateen | + So.8; 80) | 3 Fae Bete 

Move hoist MEER DEL A EE | Re ROC) ae ee 

Release a 5 a | i 2.0; RL __.Release 

Next_motion —_—s_ sRIGE . BEE E— EE 

‘ sheet 8 0006 4.168 





Pos lift chain on hoist - (002-045) _ 



































os " | 29.0/B “Bend body fwd. + 

each chal ing 24B , 21.5 : : 
Nee ne Wis Se 2 | See Sr oseeeretooaeNRNENE {22d x0006 = 186 
ED ‘ a8 ae 31.9°AB | Arise from Bend : . ++ 

ove chain ring to hook _, _.M36A25 34.6 __,_Reach hoist chain hook -linhook_opp_end of atock -- | (002-050) ___| 

Move chain ring to hook _,_—s- | M6C25 , 22.3 ‘ae “SaaS 

POS _ring on hook ——-—— PANSE ; 10.4 _ Ba its 

Release ring Release 











ae °§ Qe * ieee 
Sas 6S Le oe 
hy i, ~ S * aS 


Next motion _ 


Hook one end of stock - (002-046) 





























Hook stock opp. end - (002-047) | 
Turn body 90° TH 



























































Walk 5 paces ls W5P 

Bend copy 1B ie . 

|, es ee UL ee 

Grasp Mm ES eS Sas atin 

Move hook M24B10, 26.8. 

Acise AR 31.9) 

Turm_hody 900 ic) | 18.6! 4 * Bt tee SS 
it 8} = - 

roe $$ 

Release ——__ ————4 RL1 —+—2.0- . ——- --—- = 

—_ § "eee se SS eee 

Turn_body 90° Ss, es * 
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Part Nome___DoAll Saw & Lanco Drillmation Std Data Part No. MIM ELEMENT ANALYSIS SUMMARY 4, ce : i‘ 
Oper. Name. Oper. No. 
ite No. Analyst EP “et 10-29-58 Part Name DOAL1 Saw and Lanco Drillmation Std. Data _ Part No, 
Oper. Name eee ee Oper. No. 
7 . 1 Machine__ ss = ccnkceiieaat Mach. No, 
OESCRIPTION - LEFT WAND =| F MOTION | THU | MOTION! F | DESCRIPTION - RIGHT HAND : 405- acid aint inieiniaiiiatis 
| Deport e Analyst__E-P- Date 10-29-58 Approved Date 
= | Morerial Cylinder Tubing REALE 
We ae 
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Safety 
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APPLICATION VII 


USE OF MOTION COMBINATIONS FOR 
DEVELOPING STANDARD DATA 


By 


William E. Ross 
Tractomotive Corporation 


It is a pleasure to present our thinking and ex- 
perience to you, but being here to discuss this 

subject with you is no presumption on our part 
that the problems of motion combinations have 

been solved and that consequently detailed mo- 

tion analyses can be dispensed with. Rather it 
is our hope that whatever is said might help to 
crystallize our thinking and efforts in this field 
to our mutual advantage. 


Tractomotive Corporation is currently using 
MTM to develop manual standard data for use 
in its machining and welding operations. The 


usual approach to building standard data is be- 
ing used: 


1. Floor observations of working conditions. 


2. Visualization of standardized method and 
the various elements of work. 


3. Analyzing individual elements of work 
(called element analyses). 


4. Determining constants and variables. 


5. Resolving constants and variables into 
standard data elements (referred to as element 
summaries). 


Since various operating costs were being scruti- 
nized for possible reductions, we asked our- 
selves the question: How can standard data de- 
velopment costs be reduced and at the same 
time accelerate data output? We have answered 


or are answering this question in the following 
ways. 


EXTENDED BASIC ELEMENTS 





First, calculations are now being minimized 
through the use of what we call, "extended 
basic elements" (EBE). 


Examples: 
A. Eye Travel 
B. Moves with weight (see Exhibit A) 
C. Cranking (_C_) (see Exhibit B) 
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D. Cranking (M_B) 
E. Walking 


This resulted in (1) minimizing errors in cal- 
culating time values for basic elements, and 
(2) savings in time: 


60% for moves with weight. 
13% for C_ type cranking. 


75% for M_B type cranking. 
Calculations, however, represent but a small 
part of the standard data process and from a 
savings standpoint are a "drop in the bucket." 
Something more substantial is needed to effect 
cost reduction. 


VARIABLE MOTION COMBINATIONS 





Second, we are now beginning to reduce the 
duplication of simple elements through the use 
of "variable motion combination" charts. 


Some motion patterns have a high frequency of 
occurrence in standard data elements; reach- 
grasp-move is a typical example. Very often 
this type of pattern requires a separate element 
analysis because of minor differences in char- 
acteristics from previous analyses; i.e., dis- 
tance reach or moved, weight moved, and type 
of reach, move, and/or grasp. This was initi- 
ally resolved into reach-grasp-move with weight 
charts (see Exhibit C, two sheets). 


The reaches and moves vary by distance and by 
types "B" and "C."" Grasp and weight moved 
are constants and consequently require separate 
sheets to vary. Deviations in time from the 
original data are less than 1%. The results 
are: (1) simple elements can be described on 
a summary sheet without separate element anal- 
yses, and (2) development time for these ele- 
ments is consequently reduced almost in half. 


The next step resulted in a single reach-grasp- 
move-release multi-variable chart (see Exhibit 
D). Deviations from actual are within + or - 
3%. Results: similar to the previous charts 
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but less bulk in paper. (A lessening in time 
saved from the other charts tends to indicate 
that this approach is too detailed and compli- 
cated for maximum effectiveness and should be 
simplified. ) 


With these developments covering a significant 
proportion of the work elements being analyzed, 
we feel we are taking a major step in the di- 
rection of cost reduction. 


STANDARD MOTION PATTERNS 





Third, along with the development of "variable 
motion combinations" it was realized that there 
are many specialized patterns of work which are 
repetitive throughout our operations. If these 
could be analyzed once and be properly cata- 
loged for reference, no further analysis would 
be required except to fit them into the over-all 
methods of work where they occur. We call 
them "standard motion patterns" (SMP). 


Typical areas are: 


A. Checking 


(1) Micrometers, (2) Scales, (3) Calipers, 
(4) plug gages, etc. 


B. Secure and loosen 
(1) Strap clamp assemblies, (2) hand and 
wrench turning, (3) hand and wrench tight- 
ening and loosening, (4) jig and fixture 


components (bushings, toggle clamps, cam 
locks, etc.) 


C. Piece handling 


(1) jumbled parts, (2) stacked parts, (3) up- 
right cylinders, (4) hoist handling 


D. Et al. 


As an example, we would like to review with 
you a motion pattern which we have standardized: 
Hand turn (see Exhibits E & F). There are two 
aspects to the standardized pattern: 


1. The element analysis is composed of an 
element description, limitations to the method, 
detailed methods analysis, and a reference to 
preceding and succeeding elements. 


2. The element summary which resolves all 
of the considerations into an integrated presenta- 
tion of resistance - spin, normal, and heavy, 
size of object, revolutions, reference code, and 
development. 


As a result: 


1. Substantial amounts of time are saved by 
reducing the need to separately analyze special- 
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ized patterns which recur in different areas of 
work, i.e., lathes, drills, welding, assembly, 
etc. 


2. The consistency of data application is im- 
proved. 


SIMPLIFICATION OF STANDARD 
DATA DEVELOPMENT 








We now come to the point where the results of 
using the variable motion combinations and the 
standard motion patterns become dramatically 
apparent. Instead of "fabricating" standard 
data elements from basic MTM data in a series 
of detailed analyses, many elements can simply 
be "assembled" very quickly. As an example, 
refer to Exhibit G, "Assemble and Tighten Nut 
to Secure Plates.'"' (Element analyses would be 
developed as necessary in lieu of any existing 
or applicable combinations or patterns and 
would be referenced into the element summary 
sheet.) Result: Standard data elements which 
would perhaps require one or more hours to 
develop with detailed analyses can be resolved 
in a matter of 15 to 30 minutes on an element 
summary sheet. 


We at Tractomotive have only touched upon a 
major field of exploitation and the results and 
benefits are becoming more and more apparent 
to us. We know that the costs for developing 
MTM standard data can be reduced somewhat 
by extending the basic MTM data to minimize 
calculations, and substantially by the use of 
variable motion combinations and standard mo- 
tion patterns. However, this is only a begin- 
ning but we feel it is in the right direction. 


In my experience, every standard data program 
has had to start from "scratch," with basic 
MTM data, and ended up with more or less 
what has been outlined herein. Then too, most 
of this material has ended up in each company's 
files to be kept, in effect, like the ancient guild 


secrets. Perhaps your own experience parallels 
this. 


Standardization and work simplification which 
have been successfully applied in other fields to 
achieve cost reduction and universal usage 
should be equally applicable in the field of work 
measurement. It is our hope that steps will be 
taken soon which can facilitate the interchange 
of information which can lead to work measure- 
ment standardization of a universal nature. 
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Exhibit A 
M_B MOVE WITH WEIGHT ALLOWANCES (IN TMU) 
Weight in Pounds 
2:5 -3 B25. iS... 2.5 27.5 “S25 "STS 4205 “SES 
INCHES 
1 20. 6.3 6.2. 79° 9.6 22.7 . 33.5 25.3. 27.2 298 
1 2.9 $.3 7:34 980 3 22.6 4.7 16:5 36.5 BA 
2 4&6 7.1..9.0 2220 33.6 35.0 %6.9 1.9 WS 22.9 
3 5.7 $2 10.2 22.32 4 16.4 16.4 D4 2.5 &.6 
4 6.9 9.5 8.6 33.7 15.6 217.9 2.6 22.:i Miz 26.4 
3 S$.5 3.7 32:6 250 17.2 19.3 MA H.6 2:6 26.0 
6 8.9 4831.6 13.8 16:0 18.3 20.5 22.6 2.9 27.1 29.4 
7 S.7 32.5 8.72700 9.2 21.5 tf 26.0 2.3..20).6 
8 10.6 23.4 35.7 4.0 2.3 22.7 M.9 27.2 29.6 St.9 
9 EL.S 4 316.7 29.1 21.4 23.8 26.1 2:5 W.9 33.3 
10 32.2 35.1 274 3.8 22.58 HF BO-2.5 H.F HG 
12 13.4 16.4 18.8 21.3 23.8 26.3 28.6 31.1 33.6 36.1 
14 <6 37.7 Gt 22.7 5.2 22.6 D2 2S B.S 2.9 
16 15.6 19.6 21.4 1 26.7 29.3 31.8 HS S71 39.7 
18 17.6 2.2 22.6 25.5 26.1 30.9 33:4 36.1 36.8 41.5 
20 46.2 21.5 MH&.1 2.9 29.6 32.4 3.0 37.8 @.5 4.3 
22 9.4 22.8 23.4 26.3 3.1 33:9 BG 3S 42.2 45.2 
24 20.6 %.0 26.8 29.7 32.5 35.5 38.2 41.1 44.0 46.9 
26 21.8 2.3 @.1l BW.l W.0 37.0 39.8 42.8 45.7 48.7 
28 23.4 26.7% 29.5. 32.6 35.6 36.7 S1.S 44.6 47.6 S.7 
30 .3 26.0 W.9 BGO 37.1 40.2 43.1- 46.3 49.3 52.5 
Exhibit B 
CRANKING Cc.) IN TMU 
DIAMETER IN INCHES 
REVOLUTIONS * 3” 4" 5" 6" i 8" ~ 10" £2” 14" 16" 18" 
CONTINUOUS 
CRANKING 
1 an? 2900 8606 . 37.3. 227.3..304 33.3. 318.2 16. 2.2. DB. 2.2 211.6 
2 ae 28 26.0 .208 . 3.6 303.6 24 Bt BO B22 216.2 ° H.F 36.0 
3 es 220 24 G1.5 45.3 GS 46.0 47.2 40.4 330.2 Si.7 S32 34.4 
4 44.0 47.6 30.8 33.6 36.0 S6.0 539.6 @.2 G28 G.2 67.2 6.2 70:8 
5 So:e Sece “Gee «OS. 6G TES «982. 75.2 OO. CSCS 2. BCR 
6 63.4 68.8 73.6 77.8 81.4 84.4 86.8 89.2 91.6 95.2 98.2 101.2 103.6 
7 73.1 79.4 85.0 89.9 94.1 97.6 100.4 103.2 106.0 110.2 113.7 117.2 120.0 
8 82.8 90.0 96.4 102.0 106.8 110.8 114.0 117.2 120.4 125.2 129.2 133.2 136.4 
9 $2.5 100.6 107.8 134.1 119.5 124.0 127.6 131.2 134.8 140.2 144.7 149.2 152.8 
10 202.2 141.2 119.2 2426.2 3232.2 137.2 WAl.2 145.2 149.2 155.2 160.2 165.2 169.2 
EACH 1 9.7 306.334 13.1 22.7 13.2 .33:6 4.0 264 35.6. .15.5..1%.0. . 16.4 
ADD'L. 10 97.0 106.0 114.0 121.0 127.0 132.0 136.0 140.0 144.0 150.0 155.0 160.0 164.0 
20 194.0 212.0 228.0 242.0 254.0 264.0 272.0 280.0 288.0 300.0 310.0 320.0 328.0 
30 291.0 318.0 342.0 363.0 371.0 396.0 408.0 420.0 432.0 450.0 465.0 480.0 492.0 
40 388.0 424.0 456.0 484.0 508.0 528.0 544.0 560.0 576.0 600.0 620.0 640.0 656.0 
50 485.0 530.0 570.0 605.0 635.0 660.0 680.0 700.0 720.0 750.0 775.0 800.0 820.0 
INTERMITTENT 
CRANKING 
1 4.9. 35.8 36.6 27.9 9 2A 6.8 19.2 39.6 BW.2 WF 2.2 21.6 
2 29.8 31.6 33.2 2.6. .35.6 36.8 BG WA  S.2 44 O24 42:54 43.2 
3 G6.3 47.4 G9. $1.9 S3.7 S5.2 S6.4 S76 S6.8 @.6 62.1 63.6 6.8 
4 59.6 63.2 66.4 69.2 71.6 73.6 75.2 76.8 78.4 80.8 82.8 84.8 86.4 
5 74.5 79.0 83.0 86.5 89.5 92.0 94.0 96.0 98.0 101.0 103.5 106.0 108.0 
6 89.4 94.8 99.6 103.8 107.4 110.4 112.8 115.2 117.6 121.2 124.2 127.2 129.6 
7 104.3 110.6 136.2 123.1 £25.3 128.8 31.6 196.4 197.2: WAL:4 144.9 148.4 151.2 
8 119.2 126.4 132.8 138.4 143.2 147.2 150.4 153.6 156.8 161.6 165.6 169.6 172.8 
9 134.1 142.2 149.4 155.7 161.1 165.6 169.2 172.8 176.4 181.8 186.3 190.8 194.4 
10 149.0 158.0 166.0 173.0 179.0 184.0 188.0 192.0 196.0 202.0 207.0 212.0 216.0 


APPLY WEIGHT FACTORS 
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REACH - MOVE WITH GIA UP TO 47.5# 


Page 1 of 2. Exhibit C 





4 4 6 6RC 8RC  10RC 12RC 14RC 16RC 18RC 20RC 22RC 24RC 26RC 28RC 30 
RC RB 8RB__10RB_12RB_ 14RB_16RB 18RB 20RB 22RB 24RB 26RB 28RB 30RB_ RC_ 
MB 34.8 36.8 37.0 38.5 39.9 41.3 42.7 44.1 45.5 46.9 48.4 49.8 51.1 52.6 54.0 55.1 
MC}; 36.4 38.4 38.6 40.1 41.5 42.9 44.3 45.7 47.1 48.5 50.0 51.4 52.7 54.2 55.6 56.7 
6MB 37.8 39.8 40.0 41.5 42.9 44.3 45.7 47.1 48.5 49.9 51.4 52.8 54.1 55.6 57.0 58.1 
MC| 39.9 41.9 42.1 43.6 44.0 46.4 47.8 49.2 50.6 52.0 53.5 54.9 55.2 56.7 59.1 60.2 
gMB 40.3 42.3 42.5 44.0 45.4 46.8 48.2 49.6 51.0 52.4 53.9 55.3 5..6 58.1 59.5 60.6 
MC} 42.1 44.1 45.3 45.8 47.2 48.6 50.0 51.4 52.8 54.2 55.7 57.1 58.4 59.9 61.3 62.4 
10MB 43.0 45.0 46.2 46.7 48.1 49.5 50.9 52.3 53.7 55.1 56.6 58.C 59.3 60.8 62.2 63.3 
MC| 44.7 46.7 47.9 48.4 49.8 51.2 52.6 54.0 55.4 56.8 58.3 59.7 61.0 62.5 63.9 65.0 
128 44.5 46.5 43.7 48.2 49.6 51.0 52.4 53.8 55.2 56.6 58.1 59.5 60.8 62.3 63.7 64.8 
MC} 47.2 49.2 49.4 50.9 52.3 54.7 55.1 56.5 57.9 59.3 60.8 62.2 63.5 65.0 66.4 67.5 
1,8 46.3 48.3 48.5 49.6 51.4 52.8 54.2 55.6 57.0 58.4 59.9 61.3 62.6 64.1 65.5 66.6 
MC; 49.8 51.8 52.0 53.5 54.9 56.3 57.7 59.1 60.5 61.9 63.4 64.8 66.1 67.6 69.0 70.1 
168 48.1 50.1 50.3 51.8 53.2 54.6 55.8 57.4 58.8 60.2 61.7 63.1 64.4 65.9 67.3 68.4 
6vc 52.5 54.5 54.7 56.2 57.6 59.0 60.4 61.8 63.2 64.6 66.1 67.5 68.8 70.3 71.7 72.8 
1 MB} 49.9 51.9 52.1 53.6 55.0 56.4 57.8 59.2 60.6 62.0 63.5 64.9 66.2 67.7 69.1 70.2 
8mc| 55.0 57.0 57.2 59.7 60.1 61.5 62.9 64.3 65.7 67.1 68.6 70.0 71.3 72.8 74.2 75.0 
20B 51.7 53.7 53.9 55.5 56.8 58.2 59.6 61.0 62.4 63.8 65.3 66.7 68.0 69.5 70.9 72.0 
MC} 57.6 60.6 60.8 61.3 62.7 64.1 65.5 66.9 68.3 69.7 71.2 72.6 73.9 75.4 76.8 77.0 
2 7MB 53.5 55.5 55.7 57.2 58.9 60.0 61.4 62.8 66.0 67.4 68.9 70.3 71.6 73.1 74.5 75.6 
MC} 60.1 64.7 64.9 66.4 67.8 69.2 70.6 72.0 73.4 74.8 76.3 77.7 79.0 80.5 81.9 83.0 
9,MB 55.3 57.3 57.5 60.0 60.4 61.8 63.2 64.6 66.0 67.4 68.9 70.3 71.6 73.1 74.5 75.6 
MC} 62.7 64.7 64.9 66.4 67.8 69.2 70.6 72.0 73.4 74.8 76.3 77.7 79.0 80.5 81.9 83.0 
> MB} 57.1 59.1 59.3 60.8 62.2 63.6 65.0 66.4. 67.8 69.2 70.7 72.1 73.4 74.9 76.3 77.4 
6c] 65.4 67.4 67.6 69.1 70.5 71.9 73.3 74.7 76.1 77.5 79.0 80.4 81.7 83.2 84.6 85.7 
<< 59.1 61.1 61.3 62.8 64.2 65.6 67.0 68.4 69.8 41.2 72.7 74.1 75.4 76.9 78.3 79.4 
2 67.9 69.9 70.1 71.6 73.0 74.4 75.8 77.2 78.6 80.0 81.5 82.9 84.2 85.7 87.1 88.2 
30MB 60.9 62.9 63.1 64.6 66.0 67.4 68.8 70.2 71.6 73.0 74.5 75.9 77.2 78.7 80.1 81.2 
MC| 70.5 72.5 72.7 74.2 75.6 77.0 78.4 79.8 81.2 82.6 84.1 85.5 86.8 88.3 89.7 90.8 
Page 2 of 2 Exhibit C 

REACH - MOVE WITH A GIA UP TO 2.5# 

4 4 é 6RC 8RC 1ORC 12RC 14RC 16RC 18RC 20RC 22RC 24RC 26RC 28RC 30 

RB RC RB 8RB 10RB 12RB 14RB 16RB 18RB 20RB 22RB 24RB 26RB 28RB 30RB RC 
4 MB |15.3 17.3 17.5 19.0 20.4 21.8 23.2 24.6 26.0 27.4 28.9 30.3 31.6 33.1 34.5 35.6 
MC |16.4 18.4 18.6 20.1 21.5 22.9 24.3 25.7 27.1 28.5 30.0 31.4 32.7 33.2 35.6 36.7 
MB} 17.3 19.3 19.5 20.0 22.4 23.8 25.2 26.6 28.0 29.4 30.9 32.3 33.6 35.1 36.5 37.6 
6mc}18.7 20.7 20.9 22.4 23.8 25.2 26.7 28.0 29.4 30.8 32.3 33.7 35.0 36.5 37.9 39.0 
8 MB {19.0 21.0 21.2 22.7 24.1 25.5 26.9 28.3 29.7 31.3 32.6 34.0 35.3 36.8 38.2 39.3 
MO} 20.2 22.2 22:4 23.9 25:3 26.7 28.1 29.5 30.9 32.3 33.8 35.2 36.5 38.0 .394 40.5 
10 MB | 20.6 22.6 22.8 24.3 25.7 27.1 28.5 29.9 31.3 32.7 34.2 35.6 36.9 38.4 39.8 40.9 
MC | 21.9 23.9 24.1 25.6 27.0 28.4 29.8 31.2 32.6 34.0 35.5 36.9 38.2 39.7 41.1 42.2 
12 MB} 21.8 23.8 24.0 25.5 26.9 28.3 29.7 31.1 32.5 33.9 35.4 36.8 38.1 39.6 41.0 42.1 
MC | 23.6 25.6 25.8 27.3 28.7 30.1 31.5 32.9 34.3 35.7 37.2 38.6 39.9 41.4 42.8 43.9 
14 MB 23.0 25.0 25.2 26.7 28.1 29.5 30.9 32.3 33.7 35.1 36.6 38.0 39.3 40.8 42.2 43.3 
MC | 25.3 27.3 27.5 29.0 36.4 31.8 33.2 34.6 36.0 37.4 38.9 40.3 41.6 43.1 44.5 45.6 
16 MB | 24.2 26.2 26.4 27.9 29.3 36.7 32.1 33.5 34.9 36.3 37.8 39.2 40.5 42.0 43.4 44.5 
MC | 27.1 29.1 29.3 30.8 32.2 33.6 35.0 36.4 37.8 39.2 40.7 42.1 43.4 44.9 46.3 47.4 
18 MB | 25.4 27.4 27.6 29.1 30.5 31.9 33.3 35.7 36.1 37.5 39.0 40.4 41.7 43.2 44.6 45.7 
MC | 28.8 30.8 31.0 32.5 33.9 35.3 36.7 38.1 39.5 40.9 42.4 43.8 45.1 46.6 48.0 49.1 
MB | 26.6 28.6 28.8 30.3 31.7 33.1 34.5 35.9 37.3 38.7 40.2 41.6 42.9 44.4 45.8 46.9 
20 mc | 30.5 32.5 32.7 34.2 35.6 37.0 38.4 39.8 41.2 42.6 44.1 45.5 46.8 48.3 49.7 50.8 
MB | 27.8 29.8 30.0 31.5 32.9 34.3 35.7 37.1 38.5 39.9 41.4 42.8 44.1 45.6 47.0 48.1 
22 mc | 32.2 34.2 34.4 35.9 37.3 38.7 40.0 41.5 42.9 44.3 45.8 47.2 48.5 50.0 51.4 52.5 
2% MB | 29.0 31.0 31.2 32.7 34.1 35.5 36.9 38.3 39.7 41.1 42.6 44.0 45.3 46.8 48.2 49.3 
Mc | 33.9 35.° 36.1 37.6 39.0 40.4 41.8 43.2 44.6 46.0 47.5 48.9 50.2 51.7 53.1 54.2 
26 MB | 30.2 22.2 32.4 33.9 35.3 36.7 38.1 39.5 40.9 42.3 43.8 45.2 46.5 48.0 49.4 50.5 
MC | 35.7 37.7 37.9 39.4 40.8 42.2 43.6 45.0 46.4 47.8 49.3 50.7 52.0 53.5 54.9 56.0 
og MB| 31-5 33.5 33.7 35.2 36.6 38.0 39.4 40.8 42.2 43.6 45.1 46.5 47.8 49.3 50.7 51.8 
MC |37.4 39.4 39.6 41.1 42.5 43.9 45.3 46.7 48.1 49.5 51.0 52.4 53.7 55.2 56.6 57.7 
30 MB 32.7 34.7 34.9 36.4 37.8 39.2 40.6 42.0 43.4 44.8 46.3 47.7 49.0 50.5 51.9 53.0 
Mc |39.1 41.1 41.3 42.8 44.2 45.6 47.0 48.4 49.8 51.2 52.7 54.1 55.4 56.9 58.3 59.4 
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Exhibit E Exhibit G 
STANDARD MOTION PATTERN MIM ELEMENT ANALYSIS SUMMARY 
“ANALYSES ——~™S 
File_102-03.06-01 
ELEMENT Hand Turn - Round or nearly round objects. 
Element_Assemble & Tighten Nut to Secure Plates Part No. 
LIMITATIONS 1) Spin turning - no resistance 
2) Normal turn - slight resistance, less than 2.5# (5/8-11 Bolt 2" Long). Opera No. 
3) Heavy turn - considerable resistance, up to 12.5# 
4) Max size of object - 2-1/2 in. dia. 1. Material 3. Material Handling 5. Safety 
ANALYSES 2. Tools 4. Quality 6. Misc. 
SPIN TURNING Rotation: 360° per move 
1.6 R£Bm W/fingers to object (Sample Summary for a Standard Data Element to Show Development 
- G5 Object 
First Move 1.2 mM2Bm To rotate objects From Standard Motion Patterns (SMP'S) And From Reach - Grasp - 
- RL2 Rotation object 
a mRIE Of fingers away from object Move - Release Multi-variable Charts). 
; No. ELEMENT DESCRIPTION Total 
5.3 R3A W/Fingers back to grasp Per Cycle 
1.6 R£Bm W/Fingers to object MMC Obtain Nut from Mach. Table R12B, G1A, M12C 75-5 
Ea. Add'l Move “. <. Rotating object " 
1. Bm To rotating object 03-SMP 
- RL2 Rotating object .01-2 Engage Nut 26.2 
2.2 mR1IE Of fingers away from object 
10.3 03-SMP ‘ 
_02-4 Hand Turn -5 Rev. - Normal Res. 1-1/8" Dia. Nut 185.0 
TURNING WITH RESISTANCE Rotation: Up to 1/2" - 1 move = 360° 
1/2 to 1" - 1 move = 180° MVC Obtain Wrench From Bench R20C, G1A, MLOC 35.0 
1 to 2-1/2 - 1 move = 120° 
— a yg Secure Nut w/Wrench 16" Box - 22.5# Res. 430.8 
2.0 GIA 2.0 GIA Object 0 
First Move 4.6 M2B 9.0 M2B12.5 To rotate object 3-SMP Heavy Tighten w/Wrench 16" Box 315.4 
2.0 RL 2.0 RL Object -04-7 
- MVC Aside Wrench to Bench ML5C,RL1,R3E (B) 25.3 
ar R2A 4.0 R2A W/Fingers back to grasp 
.O GIA 2.0 GIA Object 
Ea. Add'l 4.6 M2B 9.0 M2B12.5 To rotate object TOTAL TMU PER CYCLE 1047.5 
Move 2.0 RLI1 2.0 RLL Object 
76 17.0 
NOTE: Elements preceded by an R_B to the object or by engage 
mut (03-SMP.01). Elements followed by a reach away or to 
another object or by hand tighten (03-SMP.10). 
Exhibit F 
October 30, 1958 03-SMP.02 
HAND TURN 


HAND TURN ROUND OR NEARLY ROUND OBJECTS - IN TMU'S 








Size of Ref. No. of Complete Revolutions Ea. 
Resis- Object Code 1 2 3 4 5 6 7 8 9 10 Add'1. 
tance Dia. 








“ i to 2-1/2 @2-% 5.0 15.9 25.6 36.5 9 4622. 56:5 GS 77.1 GE S77 16.3 








N Thru 1/2 02-2 &.6 23.2 33.86 46.4 59.0 71.6 84.2 98.6 109.4 122.0 12.6 
= 1/2 thru 1 02-3 21.2 46.4 71.6 96.8 122.0 147.2 172.4 197.6 222.8 247.0 25.2 
? 1 thru 2-1/2 02-4 33.8 71.6 109.4 147.2 185.0 222.8 260.6 298.4 336.2 374.0 37.8 
H Thru 1/2 02-5 13.0 30.0 47.0 64.0 81.0 98.0 115.0 132.0 149.0 166.0 17.0 
a 1/2 thru 1 02-6 30.0 64.0 98.0 132.0 166.0 280.0 234.0 268.0 302.0 336.0 34.0 
y 1 thru 2-1/2 02-7 47.0 98.0 149.0 20C.0 251.0 302.0 358.0 404.0 455.0 506.0 51.0 
DEVELOPMENT Normal & Heavy lst Rev. Ea. Add'l. Rev. 

Thru 1/2 c Vv 

1/2 thru 1 C+V 2V 

1 thru 2-1/2 C + V2 3V 

Spin Turn Cc Vv 

1 thru 2-1/2 

C = First Move (Normal = 8.6; Heavy = 13.0) sein Turn = 5.0) 

V = Ea. Add'l. Move (Normal = 12.6; Heavy = 17.0) (Spin Turn =10.3) 
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ANNOUNCEMENT 


EVENT Annual Cornell University Industrial Engineering Seminars 


SPONSOR Department of Industrial and Engineering Administration, Sibly 
School of Mechanical Engineering, Cornell University 


PLACE Cornell University, Ithaca, New York 
TIME June 16 through June 19, 1959 
PROGRAM A series of seminar discussions covering each of the following 


eight areas: 


A) Industrial Management 

B) Manufacturing Engineering 

C) Engineering Administration 

D) Small Plant Management 

E) Methods and Work Measurement 

F) Computers in Production Planning 

G) Applied Industrial and Engineering Statistics 
H) Statistical Aspects of Component Reliability 


In addition, all participants attend general sessions. 


DISCUSSION bili : , . 
LEADERS AND Specialists from both industry and the staff of Cornell University 


SPEAKERS 





FOR WHOM Operating management personnel in line supervision and staff 
positions in industrial engineering, production engineering, 
engineering administration, research and development, quality 
control, cost accounting and cost production, production control, 
materials control, purchasing, and data processing. 


For additional information contact: 


Andrew Schultz, Jr. 

Department of Industrial and Engineering Administration 
Upson Hall 

Cornell University 

Ithaca, New York 
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RESEARCH REPORTS 


R.R. 


101 Disengage 


This report contains a preliminary study of the element disengage. While it is still 
classified as tentative, the report contains some extremely interesting conclusions on 
the nature and theory of this element. 


. 102 Reading Operations 


The first step in the use of MTM for establishing reading time standards is contain- 
ed in this report. In addition, the report contains a synopsis of the work done in 
this field by 11 leading authorities. 


. 104 MTM Analysis of Performance Rating Systems 


A talk presented at the SAM-ASME Time and Motion Study Conference, April 1952. 
It contains an analysis of performance rating systems and various performance 
Rating Films from an MTM standpoint. 


. 105 Simultaneous Motions 


This report represents almost two man-year's work on a study of Simultaneous 
Motions. It is a final report of the Simultaneous Motions project undertaken by the 
MTM Association. While it does not purport to provide complete and exhaustive 
answers to all problems in the field of Simultaneous Motions, it presents a great deal 
of new and valuable information which should be of interest to every MTM practitioner. 


106 Short Reaches and Moves 


This report contains an analysis of the characteristics of Reaches and Moves at 
very short distances. It develops important conclusions concerning the application of 
MTM to operations involving these short distance elements. 


107 A Research Methods Manual 


The research activity of the Association has developed an effective and comprehensive 
set of methods for carrying on research in human motions. This report details the 
major techniques used. Adequate sources of motion data, film analysis, data 
recording, and statistical methods of analysis are among the topics discussed. 


108 A Study of Arm Movements Involving Weight 


In this report, the results of a large investigation into the effect of weight on the 
performance times of arm movements are presented. While more effective means 
of determining correct time allowances for moving weights are given, the comprehensive 
discussion of the whole area of weight phenomena is probably of more fundamental 
importance. The effect of such conditions of performance as the use of one or two 


hands, sliding vs. spatial movements, and male and female performance are among 
the topics presented. 


. 109 A Study of Positioning Movements 


I. The General Characteristics. Il. Appendix. 
This report, the first of two position reports, defines "positioning movements and 
the interrelation of component movements.'"' The study is limited to the laboratory 


analysis, and contains an appendix dealing with several subjects outside the major 
objectives. 


110 A Study of Positioning Movements 


Ill. Application to Industrial Work Measurement. 

This report, the second on position, relates the results of the position research to 
the field of application. This study deals with actual industrial operators and work 
measurement tools, and the evolution of an improved and more efficient technique for 


controlling and improving manual activity through better understanding of position- 
ing movements. 











